It is shown that discrete self-focusing may be realized in an array of coupled defocusing nonlinear waveguides. Strongly localized self-focusing patterns are found, and it is pointed out that stable beam propagation corresponds to the case in which the electric field is equivalently distributed between two neighboring waveguides with relative phase difference v.
Power-dependent switching between the interacting modes of nonlinear dual-core (two-waveguide) couplers has attracted a great deal of interest during the past several years (see, for example, Synder et al. 1 for a review of various physically important situations).
In the theoretical papers 2 -4 it has been demonstrated that three-waveguide nonlinear directional couplers offer some distinct advantages over the standard two-waveguide coupler proposed by Jensen. 5 In fact, two-(and even three-) waveguide couplers is a special case of a more general class of n-waveguide systems.
Recently Christodoulides and Joseph 6 examined the stationary nonlinear solutions for an n-waveguide self-focusing coupler, and Schmidt-Hattenberger et al. 7 have investigated numerically power-controlled switching in multicore (n = 5) couplers. The results are of significant importance in aiding our understanding of how the advantages of the use of n-waveguide couplers (with n > 2) in the cw regime may be useful for pulse (soliton) switching (see, for example, Refs. 8 and 9 and references therein for the soliton switching).
Arrays of coupled optical waveguides can exhibit interesting nonlinear phenomena, e.g., self-focusing and stationary localized patterns, 6 that are a discrete analog of the effects known in continuum media for a self-focusing nonlinearity.
As follows from the results of Ref. 6 , an increase of input power in a waveguide array leads to an energy localization in mainly one waveguide, provided that nonlinearity is self-focusing.
In this Letter I show that the discrete self-focusing is also possible for arrays of defocusing waveguides, and I give analytical arguments to the physics of self-focusing in discrete waveguide structures with respect to the case of the standard two-waveguide coupler.
The model I deal with in this Letter is, in fact, an array of coupled optical waveguides that are lossless, identical, and regularly spaced, with D being the distance between successive waveguides. By use of the formalism of coupled-mode theory and by consideration of only nearest-neighbor interactions, it can be shown that the electric field propagating in the nth waveguide obeys the nonlinear difference-differential
where ,B is the field propagation constant of each waveguide, c is the coupling coefficient, and positive A and ,u characterize the case of a defocusing Kerr-type nonlinearity.
The nonlinear spatial dispersive properties of the array are given by the dispersion relation
which has been obtained with the assumption that the field is of the form En = E 0 exp(iqz + iknD). Analogous to the continuum-medium case, 1 0 the cw solution with relation (2) may be subject to modulational instability. We investigate the linear stability by looking for a solution of the form En = (E 0 + bn)exp(iqz + iknD + ixj, where bn(z) and the differences Xn+l(Z) -Xn(z) are assumed to be small in comparison with the parameters of the carrier wave. Two coupled linear equations for these functions yield the dispersion relation for modulations,
where Q and K are parameters of a modulation wave that is taken to be -exp(iQz + iKnD). The result from relation (3) agrees with that of Ref. 6 at k = 0 and ,u = 0. As follows from relation (3), in the case of a defocusing medium the stationary cw solution describing equivalently excited waveguides will display modulational instability, provided that the relative phase difference between the neighboring waveguides is ff (i.e., kD = ff), with the maximum growth rate (A -2p-)lEo 2. In fact, all the waves with the wave numbers 1T/2 • kD S iT will be unstable, provided that the input intensity exceeds the critical
One of the main effects of modulational instability is the creation of localized (solitonlike) Existence of self-localized excitations of the electric field that result from modulational instability in the nonlinear arrays is a fundamental phenomenon, so that such self-focusing patterns are possible even in a highly discrete case in which the input power is large enough. To get a deeper physical insight into the problem of self-focusing in discrete arrays of optical waveguides, I consider first the simplest case of two coupled waveguides. To simplify the analysis presented below, I point out that the selfphase-modulation term (-A) always dominates (see, for example, Ref. 6 and references therein), so that by assuming A >> ,u, I set ,u = 0 in the subsequent calculations. In fact, to include this term in most of the results, one has to change A by (A -2jL) (see, e.g., the results for modulational instability).
Power-dependent switching in a two-mode directional coupler was first discussed by Jensen. 5 As is well known, the problem of the power switching between two coupled modes is exactly integrable (it has two integrals of motion), and one of the main issues following from that analysis is the power localization observed above a certain power threshold. Indeed, if one defines the total power in the coupler as 
(Pcr/P)2]
of the self-focusing phenomenon that may be observed in n-waveguide couplers (see, for example, Ref. 7). To describe discrete self-focusing patterns analytically, I seek highly localized symmetric solutions to Eq. (1) (for simplicity, at /u = 0) in the form En = Afn exp(iKz), where I take fo = 1, fn = fn assuming that IfnI << Ifil for InI >> 1. Two equations at n = 0 and n = 1 then yield the structure of the so-called symmetric or A mode [see Fig. 1(a) ]: exp(iKz)(..., 0, -Y7, 1, -7, 0,...) , (6) where the values in parentheses are the field amplitudes at successive sites and K = /3 -AIA1 2 . The pattern given by Eq. (6) is indeed highly localized because the parameter -= c/AIA1 2 is assumed to be small (i.e., terms of order of 72 are neglected). I find the second type of localized pattern, the socalled antisymmetric or B mode, by assuming that the mode oscillations are centered symmetrically between two neighboring waveguides [see Fig. 1 
(b)]:
En = B exp(iMz)(..., 0, -, 1 -1, t, 0, ... ), (7) where fl = ,/ -AIBI 2 and t = c/AIB 12.
If one imagines a localized pattern form of fixed shape (for simplicity, think of a Gaussian shape) being translated rigidly through the array, it is clear that when the peak power is centered in only one waveguide, the symmetry is of the A type, whereas when the peak power is centered halfway between waveguides, the symmetry is of the B form [see the mode envelopes shown by dashed curves in Figs 
The well-known result of relation (5) means that, for very large values of the input power (P >> Pcr), the total intensity is localized mainly in one of the coupled waveguides and that this effect occurs for both focusing and defocusing nonlinearities. The only difference between the types of nonlinearity is the relative phase difference between the mode fields, i.e., zero for the focusing case and ?r for the defocusing The nonlinearity-induced bifurcation that leads to a nonuniform power distribution between two coupled waveguides is the fundamental physical mechanism show the field envelope Tn = Ifn n, which, in the continuum limit approximation, is described by Eq. (4). the inverse scattering transform. 1 3 As is known, the Ablowitz-Ladik model has an exact solution corresponding to a soliton in the discrete lattice, so that the difference between the model of Eq. (1) and the Ablowitz-Ladik model may be treated as a perturbation giving rise to a nontrivial evolution of the soliton parameters that may be interpreted as motion of a particle in an effective periodic potential The existence of the energy barrier between the two stationary field patterns is a rather general physical phenomenon that occurs in discrete models (see, for example, Ref. 15) , and it is referred to as the Peierls-Nabarro potential to localized modes. In fact, for our case, the pattern A corresponds to a maximum of the Peierls-Nabarro potential, whereas the pattern B corresponds to a minimum. As a result, the electric field in the stable pattern is equivalently distributed between two neighboring waveguides having the relative phase difference vT. This situation is just the opposite of the case of focusing nonlinearity, 6 in which a stable self-focusing pattern corresponds to the case of the input power being localized mainly in one (central) waveguide.
Finally, I point out that the strongly localized selffocusing patterns described in this Letter are similar to the so-called intrinsic localized modes recently found in one-dimensional lattice models of crystal vibrations. 16 In conclusion, it has been shown that self-focusing may be observed in an array of coupled defocusing nonlinear waveguides and that this leads to the creation of self-localized (solitonlike) patterns with the relative phase difference 7w between the neighboring waveguides. In the long-wave approximation, such localized patterns are described by an effective nonlinear Schrodinger equation, but they are 'also possible as strongly localized excitations involving only a few neighboring waveguides. Two such patterns are found analytically, and it is demonstrated that the stable pattern corresponds to the case in which the localized electric field is equivalently distributed between two waveguides with the relative phase difference vT.
